This work describes the preparation of new chelating materials derived from cellulose and sugarcane bagasse for adsorption of Cu , and Pb 2+ ions from aqueous solutions. The first part involved the mercerization treatment of cellulose and sugarcane bagasse with NaOH 5 mol/L. Non-and mercerized cellulose and sugarcane bagasse were then reacted with ethylenediaminetetraacetic dianhydride (EDTAD) in order to prepare different chelating materials. These materials were characterized by mass percent gain, X-ray diffraction, FTIR, and elemental analysis. The second part consisted of evaluating the adsorption capacity of these modified materials for Cu 2+ , Cd 2+ , and Pb 2+ ions from aqueous single metal solutions, whose concentration was determined by atomic absorption spectroscopy. These materials showed maximum adsorption capacities for Cu 2+ , Cd
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This work describes the preparation of new chelating materials derived from cellulose and sugarcane bagasse for adsorption of Cu , and Pb 2+ ions from aqueous solutions. The first part involved the mercerization treatment of cellulose and sugarcane bagasse with NaOH 5 mol/L. Non-and mercerized cellulose and sugarcane bagasse were then reacted with ethylenediaminetetraacetic dianhydride (EDTAD) in order to prepare different chelating materials. These materials were characterized by mass percent gain, X-ray diffraction, FTIR, and elemental analysis. The second part consisted of evaluating the adsorption capacity of these modified materials for Cu 2+ , Cd 2+ , and Pb 2+ ions from aqueous single metal solutions, whose concentration was determined by atomic absorption spectroscopy. These materials showed maximum adsorption capacities for Cu 2+ , Cd
2+
, and Pb 2+ ions ranging from 38.8 to 92.6 mg/g, 87.7 to 149.0 mg/g, and 192.0 to 333.0 mg/g, respectively. The modified mercerized materials showed larger maximum adsorption capacities than modified non-mercerized materials. Ó 2009 Elsevier Ltd. All rights reserved.
Introduction
Water pollution is one of the most serious environmental problems facing modern society (Baird, 1995) . Heavy metals constitute a serious environmental problem (Kelter et al., 1997) because these substances are not biodegradable and are highly toxic to living organisms. Toxic metals such as Cu 2+ , Cd 2+ , and Pb 2+ have become an ecotoxicological hazard of prime interest and increasing significance owing to their tendency to accumulate in the vital organs in humans and animals. Brazil is the world's leading producer of sugarcane for both the alcohol and sugar industries. These industries produce a large amount of sugarcane bagasse. According to the last official survey from CONAB, an agency from the Brazilian Ministry of Agriculture, the national production of sugarcane in 2008/2009 was estimated to be about 558 million tons, the largest of all times. On average, 280 kg of sugarcane bagasse containing 50% moisture are produced by ton of sugarcane. In these industries, bagasse is burned to produce energy for sugar mills, but the leftovers are still significant (Gurgel, de Freitas, & Gil, 2008a) .
Many efforts are under way to find more efficient uses for renewable agricultural residues, among which sugarcane bagasse stands out (Gupta & Ali, 2000) . As a result, there has been increasing demand for renewable materials for environmentally friendly applications. This tendency in turn has led to reconsideration of traditional biomaterials, such as natural lignocellulosic fibers, for example, in order to replace synthetic polymers, since in many cases the former perform better.
Since sugarcane bagasse is an important by-product of Brazilian agroindustry, there has been rising interest in the country in finding new uses for this material. According to Caraschi, Campana, and Curvelo (1996) , sugarcane bagasse contains about 40-50% of cellulose, 25-30% of polyoses, and 20-25% of lignin. Cellulose consists of anhydroglucopyranose units which are joined to form a molecular chain. It can be described as a linear-polymer glucan with a uniform chain structure. The units are bound by b-(1 ? 4)-glycosidic linkages. The main chain of polyose can consist of only unit (homopolymer), e.g. xylans, or of two or more units (heteropolymer), e.g. glucomannans. Xylans or glucomannans are linked by b-(1 ? 4)-glycosidic bonds. Lignin is a tridimensional polymer consisting of three phenylpropanoid units derived from p-coumaryl, coniferyl, and sinapyl alcohols. These monomeric constituents are linked to form a complex structure (Fengel & Wegener, 1984) . Cellulose and polyoses have primary and secondary hydroxyl groups, and lignin has hydroxyl phenolic groups. Therefore, molecules such as lignin (Xiao, Sun, & Sun, 2001) or cellulose (Navarro, Sumi, Fujii, & Matsumura, 1996) can, through their hydroxylic functions, react chemically and produce new materials with novel properties.
The textile and paper industries, among others, treat their cellulosic fibers with sodium hydroxide. The tendency of cellulose to form hydrogen bonds is responsible for its characteristic and native crystalline arrangement. Cellulose is known to crystallize in at least four polymorphic forms, commonly known as celluloses I, II, III, and IV (Gurgel et al., 2008b) . Treatment of native cellulose or cellulose I with NaOH solution at concentration above 10% improves the resistance of the fibers by transforming the crystalline structure of cellulose I into cellulose II, while NaOH solution at concentration above 17.5% can solubilize a small portion of cellulose called b-and c-cellulose which have lower degree of polymerization than a-cellulose. At these concentrations, polyoses are solubilized owing to hydrolysis of b-(1 ? 4) linkages and lignin is degraded by hydrolysis of the ether bonds to form phenolic compounds that become soluble (D'Almeida, 1981) .
Ethylenediaminetetraacetic acid (EDTA) is a powerful complexing agent and is widely available commercially. EDTA has recognized efficiency in the complexation of metals, including heavy metals, which can be proved by the high stability constants of the metals complexes (Jeffery, Bassett, Mendham, & Denney, 1989) . This occurs because EDTA is a hexadentate ligand that contains both carboxylate and amine functions.
In recent decades, many researchers around the world have examined the modification of low-cost materials, and there are many studies in the literature that report versatile chemical transformations of cellulose (Gellerested & Gatenholm, 1999; Gurnani, Singh, & Venkataramani, 2003) . However, there have been very few works on modification of sugarcane bagasse (Gupta & Ali, 2000 , 2004 Gurgel et al., 2008a; Hassan & El-Wakil, 2003; Ibrahim, Hanafiah, & Yahya, 2006; Karnitz et al., 2007; Krishnan & Anirudhan, 2002; Nada & Hassan, 2006) . EDTAD, an active agent containing two anhydride groups per molecule, could react with hydroxyl groups of cellulose or lignin molecules in order to introduce chelating groups. The use of EDTA dianhydride (EDTAD) to modify biomass has been reported once in the literature (Yu, Tong, Sun, & Li, 2007) . However, there is no report of modification of sugarcane bagasse or cellulose with EDTAD.
Due to the harmful effects of water contamination by heavy metals, there is a pressing need to find efficient methods to combat this kind of pollution. In this work we prepared and evaluated new adsorbent materials for Cu 2+ , Cd 2+ , and Pb 2+ ions from aqueous single metal solutions. Non-and mercerized cellulose and sugarcane bagasse were modified with EDTAD. This reaction allowed the introduction of carboxylic and amine groups to these materials via formation of ester functions. Adsorption studies of Cu 2+ , Cd 2+ , and Pb 2+ ions from aqueous single metal ion solutions by modified non-and mercerized cellulose and sugarcane bagasse were developed at different times, pHs, and metal ion concentration. The results were analyzed by Langmuir model (Gurgel et al., 2008a,b; Karnitz et al., 2007) .
Experimental procedure

Materials
Grade 3MM Chr cellulose chromatography paper (Cat. No. 3030-861) was purchased from Whatman Company, Maidstone, England. EDTA (disodium salt) and acetic anhydride were purchased from Synth (Brazil) and used without purification. Pyridine was refluxed overnight with NaOH and distilled. N,N-Dimethylformamide (DMF) was purchased from Tedia and distilled under reduced pressure before use. CuSO 4 Á5H 2 O, Pb(NO 3 ) 2 , and CdCl 2 Á2.5H 2 O were purchased from Synth (Brazil).
Sugarcane bagasse preparation
The sugarcane bagasse was dried at 100°C in an oven for approximately 24 h and then the fiber size was reduced to powder by milling with a tungsten ring. The material was then washed with distilled water under stirring at 65°C for 1 h and dried at 100°C. Finally, it was washed again in a soxhlet system with nhexane/ethanol (1:1, v/v) as solvent for 4 h (Gurgel et al., 2008a) .
Synthesis of EDTA dianhydride (EDTAD)
EDTAD was synthesized following the methodology described for Capretta, Maharajh, and Bell (1995) . The EDTA (disodium salt) (50.0 g) was solubilized in deionized water (500 mL), and then the concentrated HCl was added drop-by-drop until total precipitation of the EDTA (tetra acid). The solid obtained was filtered, washed with ethanol 95%, diethyl ether and then dried in an oven for 2 h at 105°C and left to cool in a desiccator.
EDTA (tetra acid) (18.0 g) was suspended in anhydrous pyridine (31 mL) and then acetic anhydride (24 mL) was added. The mixture was stirred at 65°C for 24 h. Then the EDTAD was obtained as a solid and was filtered, washed with acetic anhydride, diethyl ether, dried under vacuum and stored in a desiccator.
Cellulose and sugarcane bagasse mercerization
The cellulose (C) (10.0 g) was treated with 270 mL of aqueous NaOH solution (5 mol/L) at 25°C under stirring for 24 h. Then, it was filtered, washed with distilled water up to pH 7, ethanol and then with acetone. Mercerized cellulose (MC) was dried in an oven at 105°C for 1 h and left to cool in a desiccator.
Sugarcane bagasse (B) (10.0 g) was treated with 500 mL of aqueous NaOH solution (5 mol/L) at 25°C under stirring for 24 h. Mercerized sugarcane bagasse (MB) was filtered, washed with distilled water up to pH 7, ethanol and then with acetone. Afterwards, it was dried in an oven at 105°C for 1 h and left to cool in a desiccator. MB was treated again using the same procedure describe above in order to obtain twice-mercerized sugarcane bagasse (MMB).
Modification of non-and mercerized cellulose C and MC and sugarcane bagasse B, MB and MMB with EDTAD
The methodology used for the introduction of EDTAD was the same for the materials C, MC, B, MB, and MMB. Each material (5.0 g) was treated with EDTAD (15.0 g) in anhydrous DMF (210 mL) for 20 h at 75°C under constant stirring in order to obtain EC, EMC, EB, EMB, and EMMB, respectively. After filtration, the materials were washed with DMF, deionized water, saturated sodium bicarbonate solution, deionized water, ethanol 95%, acetone, and then dried in an oven for 1 h at 80°C and left to cool in a desiccator.
Characterization of the new materials obtained
The materials C, MC, EC, EMC, B, MB, MMB, EB, EMB, and EMMB were characterized by mass percent gain (except C and B), FTIR, and elemental analysis.
The samples were previously washed with acetone in a sintered glass funnel and dried at 80°C for 1 h. For FTIR analyses, the samples were prepared mixing 1 mg of material with 100 mg of spectroscopy grade KBr. FTIR spectra were recorded using Nicolet Impact 410 equipment with detector at 4 cm À1 resolution from 500 to 4000 cm À1 . Elemental analyses were accomplished using Perkin Elmer Series II CHNS/O Model 2400 analyzer. X-ray diffraction analyses were performed at 2°/min from 7 to 50°for C, MC, B, MB, and MMB, using Mg-filtered Fe Ka radiation (k = 1.9374 Å) using Shimadzu XRD-6000 diffractometer (Gurgel et al., 2008a) .
Hydrolysis study of ester bond
A study of hydrolysis of ester bond in function of time at pH 1 was performed. Three samples of EMMB (250 mg) were treated with 100.0 mL of aqueous HCl standard solution (0.1 mol/L). The mixtures were shaken for 1, 4, and 24 h. Afterwards, the mixtures were separated by single filtration, washed with deionized water, saturated bicarbonate solution, deionized water, and then ethanol 95%. The materials were dried in an oven at 100°C for 1 h and left to cool in a desiccator. The hydrolysis of the ester bond was evaluated by FTIR spectroscopy. In order to quantify the experiments the area of the band at 1743 cm À1 was calculated for 0, 1, 4, and 24 h of contact with acid solution using software Microcal ORGIN TM 8.0.
Kinetic study of metal ion adsorption for EC, EMC, EB, EMB, and EMMB
Experiments with each material and metal ion were performed to determine the adsorption equilibrium time from 10 to 50 min at 10 min intervals. An amount of 50.0 mg of each material was placed in a 250-mL Erlenmeyer with 50. The reaction times used were 20 min for all materials. The metal ion concentration was determined after filtration by atomic absorption.
Adsorption isotherms of EC, EMC, EB, EMB, and EMMB
Experiments were performed for each material and metal ion to determine adsorption isotherms. In each experiment, 50.0 mg of each material was placed in a 250-mL Erlenmeyer with 50.00 mL of metal ion solution at specific concentrations (from 60 to 150 mg/L for Cu The pH values were also corrected as described earlier. After filtration, the metal ion concentration was also determined by atomic absorption.
Results and discussion
Synthesis of EC, EMC, EB, EMB, and EMMB
The synthesis route used to prepare EC, EMC, EB, EMB, and EMMB is presented in Fig. 1 . The cellulose (C) was treated with an aqueous NaOH solution (5 mol/L) to obtain MC with a mass loss of 2.98%. Sugarcane bagasse (B) was also treated with an aqueous NaOH solution (5 mol/L) to obtain MB with a mass loss of 52.6%. Then, the MB was treated again to obtain MMB with a further mass loss of 14.5% in relation to the MB.
The materials C, MC, B, MB, and MMB were esterified with ED-TAD for the preparation of EC, EMC, EB, EMB, and EMMB, respectively. The modified celluloses EC and EMC were obtained with mass percent gains of 22.1% and 22.8%, respectively, while the modified bagasses EB, EMB, and EMMB were obtained with mass percent gains of 50.7%, 36.7%, and 41.2%, respectively.
EDTA is a hexadentate ligand. It has four carboxylate and two amine groups. According to Dean (1999) , pK a values for carboxylate groups are equal to 0.0, 1.5, 2.0, and 2.69, and pK a values for amine functions are equal to 6.13 and 10.37. In order to determine the concentration of chelating groups is necessary to ensure that all these groups would be in the protonated form. Considering, therefore EDTA pK a values, a solution of strong acid of concentration larger than 1 mol/L would be necessary. EDTA was introduced into non-and mercerized cellulose and sugarcane bagasse via formation of an ester bond. Ester groups into modified cellulose matrix are more sensible to acidic pH. Besides, steric factors can affect the penetration rate of H + and consequently the rate of hydrolysis catalyzed by acids. In order to determine the resistance of the ester bonds, a study of hydrolysis of ester bond of EMMB in function of time was carried out in pH 1. The area of the band at 1743 cm À1 (Fig. 2 ) was calculated to quantify the hydrolysis of ester bond. For the contact times of 0, 1, 4, and 24 h, the calculated areas were 5680, 4959, 4272, and 2999, respectively. This result indicates that total concentration of chelating functions cannot be determined without hydrolysis of ester groups. Therefore, concentration of chelating functions was not determined.
Characterization of C, MC, B, MB, and MMB by X-ray diffraction
The treatment of C with NaOH 5 mol/L caused the dissolution of part of the cellulosic chains of lower degree of polymerization and the rearrangement of chain crystal packing from cellulose I into cellulose II. This transformation also caused a change in the crystallinity degree of the cellulose (Gurgel et al., 2008b; Oh et al., 2005) .
After the treatment of C with NaOH 5 mol/L a mass loss of 2.98%
was observed, probably due to the dissolution of b-and c-cellulose which have lower degree of polymerization than a-cellulose. The crystallinity index (C I ) for C and MC was calculated from Xray diffraction curves (Figures not shown) according to methodology proposed by Jayme and Knolle (Krässig, 1993) . As discussed earlier, the treatment of cellulose with NaOH changed the C I as well as the crystal system of the cellulose. The calculated C I s for C and MC were 99% and 92%. Therefore, the mercerization treatment acted directly on cellulose fibers promoting a decrease of 7% in the C I of MC in relation to C.
The two treatments of B with NaOH 5 mol/L caused the dissolution and consequent removal of part of the lignin and polyoses together with the rearrangement of chain crystal packing from cellulose I into cellulose II. This transformation also caused changes in the crystallinity degree of the materials.
After the first treatment of B with NaOH 5 mol/L a mass loss of 52.6% was observed, probably due to great polyoses and lignin removal that constitute 25-35% and 20-25% of the total mass of sugarcane bagasse, respectively. After the second mercerization treatment a mass loss of 14.5% was observed. As cellulose constitutes 40-45% of B and the remaining mass after two treatments was found to be 32.9% of the initial mass it is probable that a small fraction of amorphous cellulose was also hydrolyzed and removed by alkali.
B showed reflections typically attributed to cellulose I (Figure not shown) with peak at 28.26°regarding the 0 0 2 crystalline plane, while the curves for MB and MMB (Figure not shown) showed peaks at 27.56°and 25.46°due to the respective 0 0 2 and 101 crystalline planes of cellulose II.
The crystallinity index (C I ) for B, MB, and MMB was calculated from X-ray diffraction curves (Figures not shown) according to methodology proposed by Jayme and Knolle (Krässig, 1993) . The calculated C I s for B, MB, and MMB were 88.6%, 94.9%, and 77.7%, respectively. Owing to the removal of the great amount of lignin and polyoses, which are amorphous compounds presents in sugarcane bagasse, by first treatment the crystallinity index increased up to 6.3%, while in the second treatment the absence of great part of lignin and polyoses made possible for the hydroxyl ions directly acted on cellulose fibers promoting hydrolysis of the cellulose chains and consequently an increase of the cellulose amorphous fraction, which decreased C I up to 17.2%.
Characterization of C, MC, B, MB, and MMB by FTIR
The treatment of C with NaOH 5 mol/L allowed the transformation of cellulose from cellulose I into cellulose II. Owing to this transformation various changes occurred in the minimum transmittance peaks and many characteristic bands of the FTIR spectra were shifted (Figure not shown) . The bands at 3348, 2901, 1431, 1371, 1282, 1236, 1163, 1032, 983 , and 897 cm À1 were shifted to 3446, 2892, 1421, 1376, 1278, 1227, 1160, 1022, 993 and 894 cm À1 , respectively (Gurgel et al., 2008b , respectively, for MMB (Figure not shown) (Gurgel et al., 2008a) . Besides these changes observed, the treatment of the sugarcane bagasse with NaOH 5 mol/L caused the dissolution of part of the lignin (López et al., 2000) and the polyoses, which justified the observed mass loss. FTIR (Figure not shown) showed the disappearance of the characteristic band of lignin at 1604 cm
À1
, which corresponds to the aromatic skeletal modes, along with other characteristic bands of lignin and polyoses at 1736, 1514 and 1254 cm À1 , which correspond to the carbonyl stretching of ketone, skeletal modes and C-O-C stretching, respectively (Bilba & Ouensanga, 1996) .
Characterization of EC, EMC, EB, EMB, and EMMB by FTIR spectroscopy
Characterization of esterified materials was carried out using FTIR spectroscopy. The spectra of the materials before and after modification are shown in Fig. 3a and b. The spectra of the modified celluloses EC and EMC, in relation to C and MC, showed the appearance of strong bands at 1743 cm À1 (EC), 1747 cm À1 (EMC), 1633 cm À1 and 1402 cm À1 (Fig. 3a) , while the spectra of EB, EMB, and EMMB, in relation to B, MB, and MMB, showed the appearance of strong bands at 1743 cm À1 (EMB and EMMB), 1741 cm À1 (EB), 1633 cm À1 (EB and EMB), 1631 cm À1 (EMMB), 1406 cm À1 (EB and EMMB) and 1408 cm À1 (EMB) (Fig. 3b) . These changes can be attributed to introduction of two kinds of carbonyl functions, one relative to the ester and other to the carboxylate functions. Therefore, the presence of these functions can evidence the introduction of the EDTA dianhydride into these materials.
Characterization of C, MC, EC, EMC, B, MB, MMB, EB, EMB, and EMMB by elemental analysis
Characterization of the materials was carried out using elemental analysis. The results are shown in Table 1 . The data from the elemental analysis of B and MMB showed that the treatment of B and MB with NaOH 5 mol/L diminished the proportion of carbon and hydrogen. Lignin is a polymer with high content of carbon and hydrogen. Therefore, this result could be explained by the extraction of lignin from the sugarcane bagasse.
The data from the elemental analysis of EC, EMC, EB, EMB, and EMMB showed the appearance of a higher content of nitrogen after the esterification, which could prove the introduction of the EDTA dianhydride. Compared to modified non-mercerized materials, modified mercerized materials showed higher nitrogen content. These results can be explained considering that mercerization treatment increases the separation of cellulose chains and specific surface area of the cellulose fiber providing easier access to the hydroxyl groups of cellulose and reducing its packing efficiency which facilitates the penetration of EDTAD promoting a larger extension of the modification. Nitrogen content obtained by elemental analysis was used to estimate the quantity of EDTAD that was added to the C, MC, B, MB, and MMB after modification. Thus, it was possible to determinate the concentration of EDTA moiety into modified materials (C EDTA (mmol/g)). The results are shown in Table 1 . Compared to EMC, EMMB showed higher concentration of EDTA. This result can be explained considering the difference of crystallinity index between MC and MMB. MC and MMB showed C I s of 92% and 77.7%, respectively. Materials with lower C I can be modified in a greater extension owing to the easier accessibility of the modifying agent to the hydroxyl groups.
Adsorption study of metal ions onto EC, EMC, EB, EMB, and EMMB
The studies of the adsorption properties of EC, EMC, EB, EMB, and EMMB were first accomplished for Cu 2+ ion. The better results were obtained for EMC and EMMB, modified mercerized cellulose and sugarcane bagasse, respectively. Therefore, these materials were chosen for the adsorption studies of Cd 2+ and Pb 2+ ions in function of contact time, pH, and initial metal ion concentration. 
Effect of pH
The removal of metal ions from aqueous solutions by adsorption depends on the solution's pH, and how the pH affects both the degree of ionization of the species and the surface characteristics of the adsorbent due to its capacity to adsorb protons. Therefore, a study to optimize the pH was performed. The results are presented in Fig. 4a and b diminished with lower pH for all materials due to the competition for adsorption sites between the metal ions and H + ions, but there was still a significant adsorption at lower pH values. Thus, in order to evaluate the maximum adsorption capacity of the materials better, experiments in function of the initial metal ion concentrations were carried out and two adsorption isotherms at two pH values for each metal ion were built.
Adsorption isotherms
Langmuir isotherms (Ho, Chiu, & Wang, 2005 ) (Eq. (1)) were used to evaluate the adsorption experiments as a function of the initial metal ion concentrations in aqueous solutions. The contact time used was 20 min. The adsorption studies were conducted at pH 3.0 and 5.3. A linearized form of Langmuir equation is demonstrated by Eq. (1).
where q (mg/g) is the concentration of adsorbed metal ions per gram of adsorbent, c (mg/L) is the concentration of metal ion in aqueous solution at equilibrium, and Q max and b are the Langmuir equation parameters (Demirbas et al., 2005) . The high correlation coefficients of the linearized Langmuir equation indicate that this model can explain well metal ion adsorption by the modified materials (Sodré, Lenzi, & da Costa, 2001) . The results for Cu 2+ adsorption by EC, EMC, EB, EMB, and EMMB are presented in Table 2 and for Cd  2+ and Pb  2+ adsorption by EMC and EMMB are presented in Table 3 . Langmuir isotherms for Cu 2+ adsorption by EC, EMC, EB, EMB, and EMMB are shown in Fig. 5a and b, while for Cd 2+ and Pb 2+ adsorption by EMC and EMMB are shown in Fig. 5c and d. The Q max parameter of the Langmuir isotherm indicates the maximum adsorption capacity of the material, i.e., the adsorption at high concentrations of metallic cations. As can be seen from Table 2, the mercerized materials showed higher capacities to adsorb According to Ass, Belgacem, and Frollini (2006) , the transformation of cellulose I into cellulose II causes an increase in the material's surface area and also makes the cellulose's hydroxyl groups more accessible. In this way, the mercerization treatment made these hydroxyl groups more susceptible to esterification with the ED-TAD. This explains the increased in the maximum adsorption capacity observed of EMC in relation to EC, EMB to EB, and EMMB to EMB at both pH levels. Similar results have also been reported by our research group for succinylated non-and mercerized cellulose (Gurgel et al., 2008b) and sugarcane bagasse (Gurgel et al., 2008a) . Table 4 shows a relationship between maximum adsorption capacities of EC, EMC, EB, EMB, and EMMB for adsorbed metal ions at pH 5.3 and amount of EDTA added in each material. Analyzing the amount of metal ions adsorbed per amount of EDTA introduced in each material it is possible to conclude that approximately 3 metal ions are adsorbed by 2 EDTA incorporated, except for EC that exhibited the smallest modification extension of all materials and adsorbed approximately 5 metal ions for each 2 EDTA. These results may be explained considering that a smaller modification extension allows that EDTA added are more distant from each other which makes possible to adsorb a larger amount of metal ions per EDTA introduced due to absence of steric hindrance.
The adsorption results of EC and EMC were compared with those that have been reported by Gurgel et al. (2008b) for succinylated non-and mercerized cellulose (cell 5 and 6, respectively). The Q max of cell 5 and 6 for Cu Comparing the mercerized materials, cell 6 and EMC, cell 6 exhibited larger Q max for all metals than EMC. In contrast, EMC showed a much better maximum adsorption capacity in more acidic condition (pH 3 or lower) than cell 6. The same conclusions can be done comparing EMMB with succinylated twice-mercerized sugarcane bagasse (MMSCB 2) reported by Gurgel et al. (2008a) . We compared the Cu 2+ adsorption results to those obtained by Vaughan, Seo, and Marshall (2001) for the commercial resin Duolite GT-73 and those obtained by Demirbas et al. (2005) for the commercial resin Amberlite IR-120. The Q max for Duolite GT-73 and for Amberlite IR-120 for Cu 2+ ions at pH 5.5 were 62 mg/g and 22 mg/g, respectively. Duolite GT-73 has a Q max for Cu 2+ greater than EC, and near that of EMC and EB, and lower than EMB and EMMB, while Amberlite IR-120 has a lower Q max for Cu 2+ than all the modified materials tested here (Table 2) .
Conclusions
Through a quick, efficient and inexpensive methodology, we managed to carry out the mercerization of cellulose and sugarcane bagasse with a solution of NaOH 5 mol/L and the incorporation of the EDTAD into the non-and mercerized materials. Mercerization resulted in a material with better properties, after the introduction of the EDTAD, for absorption of Cu 2+ in aqueous solutions. The modified material EMMB presented the highest adsorption capacity for all metal ions, 92.6 mg/g, 149 mg/g and 333 mg/g for Cu 2+ , Cd 2+ , and Pb 2+ , respectively. All the materials showed good adsorp- tion efficiency, even at more acid pH levels. This is a relevant result in relation to the majority of the materials tested in the literature.
As an extension of our research here, we suggest testing the adsorption capacity of these materials for other heavy metals. 
